The aim of the present work is to develop a methodology which allow us to simplify an assembly point, and keeping a realist physical behaviour, in addition to reduce the time of calculation of numerical simulations. Indeed, the study of the structure by a three-dimensional finite element, taking into account the problem of nonlinearities (behaviour and contact) increase the time of calculation and require large size of memory. Likewise, the optimization of the assembly (number and position of the points) leads to an important number of calculations. Therefore it is absolutely necessary to reduce the time of each numerical simulation.
Introduction
The bolting and the riveting are parts of technique of assembly, which their applications are used in several fields industrial: aviation, railway, automotive … in order to optimize the design of structure. The global model of great structures (eg: airplane wing, train set…) may be very complex and very expensive to design because of the important number of degrees of freedom and the non-linearity of behaviour of materials and the contact. To control the size of global model and the simulation time, a simplified model has been used.
The experimental works of Langrand [1] and Dang-Hoang [2] have studied the influence of edge effects, clearances and number of fixings on the global mechanical behaviour of the assembly of a mono-material. In [1] , the author has showed that a simple model of friction as Coulomb's model is not well adapted for modeling this kind of assembly. Furthermore, we must take into account the influence of deformation, load and the state of the contact area on the friction to improve the results. In numerical standpoint, the study [2] showed that we can describe the behaviour of bolted assembly but by introducing the preload to obtain the tightening torque. In the study [3] , Berot has considered a simplification of a rivet by a third cylindrical body placed between two plates; this approach shows disadvantages because it does not represent the actual geometry of the assembly system (introduction of the distance between the plates, no consideration of the rivet head,... ). In a second study, the rivet is replaced by a virtual model, that is to say an area joint to the two plates with a specific behaviour. The results are quite acceptable for the overall behaviour, but this method cannot describe the local behaviour of the assembly point; the author also noted that it is difficult to automate this method.
Another simple method consists of modeling the plates by finite element and the assembly point by an equivalent element. In the literature; these studies [1, [3] [4] have shown that we can use kinematic constraints (relationship between the displacements of points or surfaces), non-linear elements (beam, spring or mixed elements) and hybrid formulations. Langrand showed that the use of kinematic constraints is not appropriate to describe the nonlinear behaviour of the assembly [1] . Moreover, this approach depends on the compliance of meshing. The hybrid approach formulations are quite expensive in computation time.
We propose here an approach based on nonlinear elements.
Assembly model by nonlinear elements

Problem
In order to be able to produce the behaviour of an assembly, it is necessary to define a reference which identifies this equivalent mechanical behaviour. Once all the requests have been successfully simulated, an equivalent element whose behaviour reproduces the best specifications of the complete model can be built. For this model, the equivalent behaviour will be identified by minimizing the difference between the curves charge/displacement (for traction and compression) or the curves moment/angle (for bending) of the equivalent model and those of the reference model, the Figure 1 shows the type of action used to identify the mechanical behaviour of a structure.
In our study, the idea is to simplify the three-dimensional model (3D) by a beam of one-dimensional model (1D); our approach consists of replacing the bolt by a nonlinear element (nonlinear spring). So we need to determine the parameters of this element: modulus and elastic limit, plasticity constants. They are identified from experimental results of Dang Hoang [2] . We will begin by studying the simplest case of traction. 
Experimental Results
Dang-Hoang has studied the bolted assembly of two beams ( Figure 2) ; the beams are constituted of the same material (Aluminum 6082 T6). The mechanical properties of this material are: Young's modulus E=69GPa and elastic limit σ e =266MPa; the geometric characteristics of the beams are: length l o =195mm and section S=128mm 2 .
Stainless steel bolts are used in the assembly, type ISO4762-M8x20-8x8. A tightening torque C=40Nm is applied to the bolt. The assembly is subjected to a uniaxial displacement until the rupture. When the traction force reaches a certain value, the slip appears; the sliding of the plates begins with an adjusting clearance between the bore and the body bolt. When the plate 1 touches the bolt's body, the sliding continues due to the clearance between the plate 2 and the body. The behaviour of the structure is identified experimentally at Figure 3 ; we note the existence of 7 phases:
• Phase 1: elastic behaviour, • Phase 2: relative displacement due to sliding of the beams corresponding to the clearance bore/bolt, 
One-dimension model
Our model consists of two beams connected by a nonlinear spring (Figure 4 ) subjected to a tensile force. To identify the behaviour law of this model, we find that the material of the beams remains in the elastic field because of the strain does not exceed the elasticity limit; therefore the inelastic deformation occurred is due to the non-linear spring. We will describe the behaviour of the spring in 4 phases: 
By the identification from the experimental curve, we obtain K s,p =7139.251 kN/mm n and n=0.298.
In Figure 5 , we observe that the behaviour of model matches the experimental curves. 
Calculation by finite elements method in 1D
By using finite element code Cast3M, we have implanted a simple connector that produce the model described previously. Cast3M is a classic code of finite element in displacement; it is based on the principle of minimizing the potential energy. In the elastic field, the potential energy W is expressed by:
where
are respectively the rigidity and the displacement matrices of beams 1 and 2, u N 2 is the displacement of the node where the tensile force F is applied.
We have to add the energy of deformation of the spring. In elastic domain, this energy W s expresses classically by:
By derivation of the potential energy, we obtain the following system: 
Note that each beam is divided into n elements of the same length; its rigidity is expressed by: 
In the non-linear domain, the beams remains elastic, therefore, their matrices of rigidity do not change. For the spring, by using incremental algorithm, the elastic rigidity K s is replaced by tangential rigidity K s,t as:
The implementation of this model in Cast3M gives the following comparison ( Figure 6 ). We find that our numerical curve is identical with the experimental curve of Dang Hoang [2] , so the proposed model is justified. 
Conclusion
Initially, we simplified the three-dimensional model of assembly by onedimensional model composed of two beams connected by spring. The characteristics of spring were identified from experimental results of Dong Hoang for a simple case of tension. The implementation and the validation of the connector model were verified by comparing our results with the experimental results.
In a second step, we will complete this model for different types of actions such as compression, torsion, peeling, etc. (Figure 1 ). Then we investigate to validate our model with an experimental study in collaboration with CETIM and ArcelorMittal, ours industrial partners.
